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My Invention reiates to luminescent screcns and 
particularly to luminescent screens comprising 
two or more layers of phosphor materials, 

It 1s known that varfous phosphors when sub- 
jected to incident corpuscular radiation such as 
cathode rays are excited and liberate light in the 
visible spectrum. For many applications it is 
desirable to provide phosphors having a nigh 
light output In a spectral range corresponding 
to that of the human eye, with its maximum 
output frequency corresponding to the frequency 
at which the eye is most sensitive. However, in 
such phosphors only a portion of the available 
energy in cathode rays fs utilized tn liberating 
visible ght because the wavelength energy of 
such rays after Interception by a phosphor ex- 
tends over a very bread kand and only part of 
the energy over a portion of this band is effective 
in. exciting the phosphor to luminescence in the 
desired visible range. Other phosphors, while 
belag cerpalile of absorbing enerzy more efliciently 
or of absorbing energy from a broader portion of 
the bend of incident cathode ray energy, are very 
Ineficlent in converting this energy into visible 
light, substantially all of the light baing of rela- 
tively short wavelength in the violet or ultra- 
violet spectral region. 

It is an object of my invention to provide a 
phosphor screen of high excitation efictency in 
the visible spectrum. It is another object to 
Increase the Intensity of visible light emitting 
phosphors beyond that previously obtainable with 
a single source of excitation incident upon a 
visible light emitting phosphor. A further object 
is to provide a source of high intensity visible 
light having a wavelength correspending to that 
- at which the human eye is most sensitive. 

In accerdance with my invention I provide a 
fumineseent screen !uc uding a plurality of indi- 
vidual phosphor material layers and I so choose 
the materials and arrange the layers that the 
meterial initially excited by the incident energy 
transmits its excited energy to ti.e material ex- 
citable in the visible spectrum with a minimum 
of Joss, whereby the latter material ts excited to 
a greater degree than had it buena exene 
equivalent amount of the ines : 
wiv, tha phe 
ht of lomer or 
wae nergy from the material or Iayer emutuing 
“Sat of shorter wavelcagins than would be ab- 
ance were the exciting entry directly incident 

sy the layer emittiug the vie bie light, 

hese and other obicets, {. cures and advan- 
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those skilled in th: ort upon consideration of the 
following dese ica and the accompanying 
arawing wherein, 

Fig. 1 shows ¥ _catative spectral emission 
and ansorption characteristic curves of two phos- 
phors suitable for practicing my Invention and, 

Fig. 2 shows. a phosphor screen made in ace 
cordance with my invention, 

While it is Believed that the terms “juminese 
cence," “fluorescence” and “phosphorescence” are 
well known in the art relating to the preparation 
and use of luminescent materials, I refer to 
luminescence as any emission of light whether in 
the visible or invisible portions of the spectrum, 
other than incandeseence, produced by excitation 
of a phosphor material such as by radiant or core 
puseular energy. I use the term fluorescence 
when referring to the luminescence emitted by 
a phosphor during excitation, whereas the term 
phosphorescence apples to the lurainescence 
emlttéd by the phosphor after excitation. Tt is 
thus obvious that luminescence comprises two 
components, one a fluorescent component end the 


‘other a phosphorescent componcnt, each of these 


components being displaced in time since the 
time of excitation is occupied by fuorescence and 
the time after excitatlon Is occupied by phos- 
phorescence, 

Referring to the drawing, the dotted curve fcr 
snows the spectral emission of a silver activated 
gine suiphide phosphor with wavelength in 
angstrom units plotted as abscissac and relative 
light output as ordinates under cathode ray ex- 
citation, It.will be noted that the spectral emis- 
sion band extends from below 4,600 angstroms to 
epproximately 5,500 angstroms, which is below 
the maximum sensitivity point of the human eye. 
I will refer to the phosphor having such a char- 
acteristic as the first phosphor or phosphor layer, 
The curve 2cr is a similarly plotted spectral 
emission characteristic under cathode ray excita- 
tion of a copper activated zinc-cadmium sulphide, 
which I will refer to as the sccond phosphor or 
phosphor layer. It {s likevise noted, as shown 
by the curve 2cr, that its maximum emission 
ordinate lies substantially at the point of maxi- 
min sonsitivicy of the human eye. The prin- 
eid object af my inve: screare 
Irlt hb. pated by a pheasphior of the tyre efowihich 
the cucve 2ex is representative in the region of 
the maximum sensith ity point of the human eye. 
Also referring to the drawing, I have shown the 
curve 2 a8 representative of the spectral absorp- 
tien of the second phophor material of waich the 
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ied by cathode mos. Each of the curiis fen 
aid Cen fs drawn to scale and Is representative 
of the relative outputs of the twa phesphors 
under equal cathode ray excitation. Elince these 
curves are drawn to scale and the curve 2 {s the 
Spectral absorption characteristic of the Stcond 
phosphor, the area under the curve designated 
2x1, which {s the product of the curre ton and the 
curve 2, is representative of the enercy absorbed 
by the second phosphor inaterial, Wherever I 


have used the term “abzorption" I mean that the 
“Ught Nberated by the phesphor having the 


shorter wavelength emission fpectra fs efdclently 
absorbed by the phosphor having the longer wayee 
length emission spectra in the Sense that the 
Principal portion of the absorbed radiation Is 
converted Into luminescence in the’ loncer waves 
length spectral rezion. Assuming that the 
radiant energy absorbed by the second phosphor 
(the curve 2x1) from the first phosphor Js con- 
verted in its entirety, except for the quantun 
deficit, into enerzy radiated In the band of th: 
characteristic curve 2ca, the eficteney-of this 
process fs greater than the eficiency of the single 
slage excitation process involving the excitation 
of the second phosphor directly with an equiva- 
Jent cathode ray excitation and the resultant 
intensity in the visible band of curve 2cr is shown 
by the curve 3. 

The relationship between the emtssion char. 
acteristic of the first phosphor miteria] and the 
elsorption characteristic of the second phesyhor 
may be clarificd by the folt wing analysis: Aga 
sume that & materlal A (the first phosphor) {gs 
excited by some form of exciting enerry such as 
cathode rays and that A in turn excites B (the 
second phosphor). A must necessarily heave an 
emission spectra which on the whole is conmiposed 
of shorter wavelength light than RB, For pur- 
poses of comparison, assume that A under 
cathode ray excitation emits 1¢0 energy units 
‘(assumed equal to 100% energy elicicney) over 
its entire spectral band but of the 100 enere 
ey units cnly 20 stimulate the human eye in 
the visible portion of the spectrun. 
phosphor mry be said to kave visual efiicicency of 
20%. On the other hand, assume that B under 
equivalent cathode ray excitation emits 20 energy 
units cver {ts spectrum with 10 units of visible 
utility, The visual efficiency of phosphor B 
would then be 10%, Wowever, {t is desired to 
obtain a visible energy unit emission from Bin 
excess of the 10 units produced by ecathede ray 
excitation, Thus the spectral emission aod ab- 
sorption characteristics of A must be chosen with 
respect to B such that the visilte energy emis- 
sion Is greater than 10 units. Consequently, the 
efficiency of B may be increased by 1096 with 
respect fo-its original if the materials are so 
chosen that 40. energy units are liberated when 
the material B ts excited by the emission spec. 
trum of material A, Thus the amount of energy 
absorbed from A by B (2x4) should be greater 

San the amount of enersy emitted by B, under 
identical cathode Pay excitation, to obtain a 
enaracteristis such as curve 3 which Nes above 
the curve ?cr. In order ¢9 obtain this creater 
amount of energy emitted from B, I nrovice 

material Bowith respect to its ci ar 
i that the peats cf its absorption 
ted at a lonser waryelenctth than the emis. 
sion band of «A, with the tro binds over-lapping 
ta yicld the necessary condition that the prod. 


band !s Approved For Release 2007/09/21 


Such 8. 


77) 


30 


40 


45 


60 


eG 
Reledss 2007/09/21 : CIA-RDP81-00120R000100020072-6 


2,452,528 es 2. 


cf 


In crder to cttein tha pou 
Iny rystem of rhospher lorers and further in 
accordance with my invention, I excite the arst 
phespaor ayer and further chowse the material 
of this loser transparent to {ts eniss!on spece 
trum, I therefere provide the bthesphor mates 
rial for the first layer of a crystal £29 and shape 
£9 28 (2 be conducive to hich cotfea tronspare 
ency to licht of a frequency in ths emission band 
of the first phesrhor. For exanrinie, the maxie 
mum ecicieney Js realized when very large 
crystals of the first phosphor are used, preferably 
large Sat shige erystal plates forming tre first 


ust elleleney trom 


layer and lying with the maicr area exposed to __ 


the Incident exciting enerry, The second phos. 
phor materlal is then chosen to be hichly eb. 
sorbing to the Usht emitted by the first phosrhor, 
Preferably the second phosphor {3 of a crystal 
size and shape such that the Heng fs alfusad so 
that it may be absorbed more readily, Prefers 
ably the crystals of the sccond phosphor leyer 
are small in comrartson to the eryitals of the 
first phosphor layer. Thus the racterial of the 
second phosphor may be finely divided, having a 
crystal size of redomIingnily § misrons, whereas 
the first phosphor is of material averaging 10 
microns or larcer and if In the preferable form 
as large fict single erystal piates, the ratlo of 
area to thickness of the crystal plates may be 3 
tol or greater such 2s a ratio of 5 to 1, the thick. 
ness aver2ghis 5 inicrans, 

Referring to Fig. 2, the two rhosphor layers 
may be apnitcd to a foundation Preferably of 
transporent raaterlal such as Glass, the method 
of application being such that tho second phoge 
phor layer for a system excitable by esthode ray 
energy is denosited firct and In eamtact with the 
support. Thus @ survort member (9 of Glass 
or other suitable material mey be provided, to 
one surface of which is epniied the phosphor 
layer Hl, referred to above as the second layer, 
preferebly in the form of small [adividval Heht 
absorbing and Usght diffusing erysials, The first 
Inyer #2 fs then apetied efther caircetly to the 
previously arnlicd layer if or to on intermediate 
optical bending medium 13 between tha tro lay- 
ers, It Is desiratle to provide cs cocod optical 
contact between the two layers a3 possible and 
for this reason a mzterial forming the bonding 
medium {3 may be applied to tha second layer 
'f followed by immediate npplucation of the 
first layer {2 while the bonding medium material 
fs in a fluid or viscous state, Materlals such ag 
boron oxide, alkali silfeates or Germaanates are 
suitable for use as optical konding mecia, Pref. 
erabiy the index of refraction of the bonding 
media showd be approximately equal ta the 
square reot of the product of the Indices of 
refraction of the two phosphors being bonded. 

While a several fold gain in licht output in 
the regicn of maximum sensitivity of the human 
eye inay be obtained when exeltaticn {fs by ¢a- 
thode ray energy, even greater e:iciencles may 
be obtained where the excitation {5 by short 
Wavelength ultra-violet Hght. Thus some phos- 
phors which otherwise would ba ineliclently ex- 
cited or even uneneited by tha p ry exeita- 
tion may be t accordance with my concept 
to sive h Me luminescence, For ex- 
ample, cor s : hice fs not ap- 
preciably exelted by radiation in the region near 
2200 angstroins but may be excited to sive high 
luminescence by the emission of eaiclum tung- 
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To achieve maximum efiiciency from my mul- 
tilayer scterns, it Js essential that each phosphor 
be synthesiveq and constituted tn such a manner 
that it makes the cect use of the excillng energy 
Incident vpon jt. For example, If a tvo-layer 
serech {5 cectved and the first layer fs to Ee 
excited by cathode rays and the second layer 
excited by cintssion from the first layer, then 
the first Iyer should snow maximum e:iciency 
under cathede rays, Irrespective of Ns cictelency 
under 0 bays, utraviolet, ete.: : while tie second 
layer should show inaximum eficiency under the 
emission from the frst layer, irrespective of Its 
efficiency under cathede rays, alpha particles, 
X-rays or other exciting energy. 

As an example of the difference In preparation 
required to achieve maximum efiicieney under 
different types of excitation, a 4065 zine sulphides 
60% cadmium sulphide phosphor activated by 
0.01% silver may be considered with respect to 
variation In relative eficiency when crystallized 
ai cigerent temperatures, 


Nelallve EMcleney 


a 


Firing Temperature and Thre 


Cathode ray } 3650° A. | 257° AT 
EN —00 mintitet. oo. cee eee ee 13 14 -AT 
BOOP 120 MNES eee ee UWS 13 13 


It should be noted that the lower firing tem- 
perature ond tine provide a material which Is 
more efilcient under cathode ray and 2537 ang- 
stronis than that preduced by the higher flring 
temperature and time, whereas the latter mate- 
rial Js more eficient at 609 angstroms, 

While IT have deserived mny Invention partic- 
ularly with respect to phosphors excitable by 
cathode ray energy, it will ba apparent that other 
forms of radiant or corpuscular energy excita 
tion such ng referred ta stove may be used as 
long as the raaterials comprising the two layers 
fre selected In accordance with my inventive 
concept. lurthermore, while I have described 
my invention enly with respect to a dual phos- 
phor Jayer combination, the principles uncer- 
lying my new and improved operation neverthe- 
less apply with equal force to multi-layer 
luminescent screens having more than two layers 
wherein the spectral emission and absorption 
characteristics are prozressively displaced and 
overlap In the manner described above. There- 
fore while I have described completcly only one 
particular modificatton of my invention, ft fs 
nevertheless susceptible of further modilleations 
and emboidtrnents without departing from the 
scope of the appended claims. 

Iclaim: 

1. A luminescent sereen comprising two phos- 
phor layers, the material of one layer having an 
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emission spectrum in the violet portion of the 
spectrum and being of relatively larce average 
particle size to render said layer highly Usht 
treustaltiiag, Ure cher 5 pheor layer toing of 
tanterial having an absorption spectrums corres 
spending to the emission spectra ci sald one Inyer, 
oan emissfon spectra of lonyer Wavelength than 
that of said ene layer and ef an averase particle 
size smaller than that of the said ene Isyer. 

2. A luminescent sercen comprising two whos 
phor layers and an opticai bonding mediuin bee 
tween said layers, sald two layers being ef phos- 
phors having diderent emission spectra, ene of 
sald layers being of flat single crystal phosphor 
pistes, the other layer being of small particle 
size, the phosphor of Mat single crystal plates 
having the shorter wavelength emission spece 
trum and the Jayer of sinaller particle size mae 
terial haying an absorption spectrum overlapping 
the emission spectrum of the material of larger 
particle elze. - 

3. A screen as claimed in claim 2 wherein the 


_§ndex of refraction of sald bonding meclum Is 
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substantially equal to the aquare root of the pred- 
uct of the Indices of refraction of said phesplors, 

4, Aluminescent screen comprising a first layer 
of substantially transparent phosphor materlal 
formed as fiat single erystal plates, end a second 
phesphor layer closely adjacent sald ilrst layer 
of Uzht diffusing Usht absorbing smell particle 
siz@ material, the material of sald ilrct layer 
having a shorter wavelength emission spoctrum 
than that of the second Jayer, the second layer 
having an nbsorption spectrum oyerianoing the 
emission spectrum of said first layer iaateriab 

HULBOLDT W. LEVaning, 
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